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lpe-,11.1n1: ln the crltlt7\l a~la r'lnC"'' • 

.&. t; !:!VP.raor 9!"1'101! w1 tt. a spr1a« n te of 11 0(\ pouDh per lacb 

vtth the 12-root 512?242-11 blade•. 

the bl1Jd~11 atferts the ~overn~r nct1Cin lD t~ n Cl\t 'W' m~r ttl eh~> ~t~:•• 

! n tt.e r,o1'c:-nor spr1nc cc . 1t1tnta. A forwar'l shift lD the ct'ntflr ot 

th'ln t'le •Jlthl!lte otrflnt:th o~ tbt! b h ie• and wer~ d1r~ct. 1y- l!'o:~orUorBl 
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1. Oririn&Ui! aceng and J:IOni\or!{f actnczr 
01: the uan A reran co~ora on 

&loaatield, Conne~icut 

MAr O!tice ot Nanl Research 
Air Sranc. (C,cie !illl) 
Washington 25, n. C. 

2. Or1sinat1r!i •t•n:z report :w:abert 
Rep3rt lb. f. j 

), Title and classi!iutior. o! title: 
LOW Speed wlna ~.1 Te~t of 12 Ft. anj lu Ft. Jl.meter ~otocnute 
(Unc:l.Assi!ied) 

h. Personal aut.horr 
HOd1don, Ja.ee s. 

$. Date ot report• 
22 Janual'1 1:957 

6. Pu:eer 
~ 

7, Illustrative lll&terialr 
2 photographs, 12 ?I ;;urea 

'· :trepared tor Contract No,r 
loar Mtoo) 

9, Prepared tor Project !fo, and T .. k No.t 
212 .. oji 

10, Secua\1 clau1f'\cat1osu 
Conr entiat 

u. 

12. 

Diatr1but1on liaitation.r 
Specltled bY oRR lt.r, (L6laDLR) Ser. No, 27574 or 27 Novuber li56. 

Ab1tractr 
1 preaentation or results or lov-apeed vind-twwtl testin& or a !ull
acale Rotochute aaee•blf to detendne the e!!ect of govem:lr •PrlDi 
and blade ••• paruet.era on rotochute speed governor c:haractenstiea 
and per!onunce. 
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~CRIPl'IOI OJ ftS! 

! • !nt M!Hit1 

•••••• • o 

fbe t11t •odel consisted of « ltft~ard KHC-? Rotor Se~d 

A.nnbl7 (U.C. Io. SU2J47-l} an!! a studsrcl lla .&.ucbl.7 (DC llo. 

Sl22)JO-l) •ouated oa a hl~ed tube ~lch pro•lcled • con•enleDt 

••on• of e~nti~ the T&Ved attl\urle of th~ rota~ he'd• Flgur•• 

1 !Uld :'! ~ho;o~ the tut anlt 1Mtnlled 1D the wind tunDel. '1'be bl::.de• 

usod were ~• follows: 

Cbordwiae IA.CA lot or 

' "'-93 

Serial loa. ur. lo. Wel&ht Cborcl c.a. Alrtoll Dluetar 

., 

UAlll 5122242-1) 6JI 14.s• 4~ 0020 14 ft. 
JA&.)II ~XZ-2242-ll 42'1 l4.o• 44.9ft 0016 12 f't. J ln. 

SA.&SB !) ir2224?-ll 
(•oclltled) 

6:3.sf 14.on fl:~ 
49.aC 

OOl".i 12 tt. J ln. -, 

wind eld• ln order 'o pro•tde ~eater restatnnee to co~reesl•• 

bucklln«. 

Blnd81 SA. and 5I Yen :aodithd b7 t.he !uldUloa of Ulree eavlUee 

aade up of Al\JIIlDua tubea la'bedded in t.he 1ea4luc •dee. llid.U. 1 all4 

tr~111ng edco cell of ea~b blade. The cbo~clwl•e center of cra•lt7 

was abltted b7 the tneertlon of a lea4 rod Into tbe approprla\e caY1t7. 

The tnt mo.lel vaa C'eo\')red l.n the teat uctton ot Ule 

United Atrcntt Geaeral Puz:pose Subaontc Wlnd-'l'uDDel. 'rhh '-•' 

aectton 1• ot ac\aconal croae-aectlon. 18 teet between diaaetrlcal17 

-ca111nrhed tbe forvu4 1001mtl~ •tructurea. o 
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• ••• 

• • 22 Ju, l1.P 

• plazw aD4 OH rocl to tbo coat .. of •ell of lbll law .. ItS puoh: 

all ro4• bo1ag J0° h'oa tho lo~~&Uu41al u:h of tbe tWI•l ud up. 

otreu frora the toot ..Sol. 1'huo racl1 .,.ro at'-dlocl h a eo-• 

paDOl IIOWIUQ& 'bnclatU Oil tbo \11\ IICUOD -.l.U • la4h1clual 

oallbratocl llD.Ial aad turallucldeo wero 1DCorpcra\o4 s\ th• aouaUac 

bracke\1, The ri&J' •oUDU• etructure wu o1aUar to tho tor~ 

otruc\uro wUh \be rear Kiln~ roclo belac attached. forward ~~ tt. 

boq hlQ&o ill a plaae porpoa~tcular to tbe t.lDllll •11. !'tw nUro 

171tea vao oul1Jecto4 to a cloq-otrea. preload at 1500 pOUilde thr~ 

a cable otrotebe4 botWOID tbe ro\ochute flD sbatt ud a lb.pecl 

walkilll boaa wUb a wot1bt Jail attaehocl. ··'b• eablo caa be • ._ 

ill J'~ 1 wbere 1t pus .. nor a ouopoa4e4 JlllllOT and tlowa thrgup 

an opeD..lfiC lA \ht~ floor of tho twuaol to tbe •1Jdac b .... 

C, lpa\rpllptftlgp 

1, Load. lD flzll4 pltc!l llllka 
2. CoD! II« •a&~ 
). Jla4e pl\cb uc1• 
4, I lade o\rala - roo\ o\a~ oa, clowwlncl dclo .. 
s. llaclo at:rahl, - roo\ o\&Uoa, upwtDl d.te 
6. Jlad.o stnlD - 1/'J opaa otaUoa, 4CIW1lWhl4 olu 
1. Jla4• atrda - 1/'J opaa s\&Uoa, upwhcl •14• 
8, Bla4e otn1D - 2/) llpiiD a\aUOD, clo&wht4 sl4e 
9. Bl.,do nnta - 2/'J •PM otsUoa, upw!Dcl ollie 

10. MouUac llDk 1\rala• 
11. 'rbrus\ 
12. B.otor .-a 
1) • .ltr~ .. a 

A ~lock 41acrta of \bo baalc 1ao'r 
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D. 'l'ut Prpct4prt 

After tbe cleslrecl h!lt :z:>•lel eont'1,'"U!"st1on wa1 obtaiatd, 

a~r flow ln th" t~nel WR' started wb1l~ rotation of the bladee 

wh~rl! n•:tnrnt•, Uon wac Mint•!nnc!. .Dnta were recordec! at Yar1ou 

airepeed• up to the •n._ twanel •peed obtalaable or UDtll t.be 

rotor reached 700 RPM, wbicbeTtr occurred flret. funnel operation 

was perforaecl b1' Cn! tad .i1rcraft person::el. Mn.o!d cont!gurkti oa 

c.-bar~na aDd o9clll"~:rapblc rocordlll(r nt data was perlorrMd bT lacaD 

personnel. Data were recorded at 111a4T atate condltloaa o! air

flow 1US1f rotor speo::l Nld lllso "' Ytsrlou. Ylbr!ltlon ao4e• and 

:'be teat progr1111 consisted of tour part•: 

1. 11~ed blade pitch operation to dete~ine bloJe pitebl~ !orcee. 

7 -· 
J. 

4. 

. 

~?r1QG go?ernor operation \ 1 ieter.ln• aprl~ rtte ancl 
3prtng preloa.i re l'llrnd tor t\edrd t:ovorniuc actloD. 

0~1\tlon \flth •:arioUI chorclvile center of I"J'&?ltT locations 
to ~otorm1n~ ef~oet ot cea\er or gr3~1~ loc~t1oD ~poD 
co•erala« action. 

TDwed at\ltnde operat1oa to deteralne etrect upoa •lbrator.r 
bbie t~tres!les. 

KNGU•IIIt i NO GI .. CIUL. ltiP'OitT 
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a. ii. Da::iell 

ps:.·us or usr 

O?eratlonal data and a\reaR data. lach of these will be dear.rlbed 

:~epara \e 1.7. 

1, Oprratioml tete, 

a. lln4 PUct O;rn tiQil 

The rotocbut.e waa operaated witb !!zed blft4e pUcb &DCl.e 1a. 

ti:e first iftrt of t !'!e tnt ;noor.ru. '1!te data oHa1a.ed fro• thh 

code ot operation were ezpected to proTide a baali tor telectlac 

the apr1!14; coDstaoh tor the sprh¥; gOTemcr. Hove..-, la. order to 

11To1d ezc:eaa1Te rotor tpeed, 1t vaa necessary to reetr1ct operadoa 

~o t~e De£St1Te pitch aa.gle re«lon. 

'l'h@ 1'-!oot 41ueter rotochute (bla dee U !lad ll) waa opera h4 

Vltb the b:J.!ode pitch SDCll flzed at -9°, -7°, -5°, aa4 -)
0

• h 

atte~t to operate the rotoChute with the pitch aacl• flze4 at 
0 

-1 reaulte4 la aa. abrupt buUr!-up nf rotor apu4 to a pobt wbere 

a blade !allure occurred, 'l'he drape e4 requIred to lnl Ua te su\o

rotaUoD prond to be too M&h tor a ate o:- re UoD. lf«v• 4 eoDt.al!ll 

plots of co.,ernor Uu l:~at, thrust, aad rotor epeed ?eraua alrapee4 

tor each ot tbe fued blade pl tcb uglea. 

fh.tt 12-foot clluehr rotochu\e (bla4ea )1 aal )I) vae 

ope:ra,e4 wl tb tbe blade pltcb a~le t lzed at -9°. -f • aid -.5°. 
llcure S coata1a• plote of «o••raor l!Dk loa4, tbrue\, aa.d rotor 

ll. Srriy Yanr•r O.ratipa 

.... ........,._ -~ 

6 

... 
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•· B. Dlmlel• 

-.QOw• C"~c ... ~ .. • c r 

•c.-o• • .., 

ro\odftato •s operaht wStb a ~riQ~: co .. naor Ill place of tbe ti.ut 

lbk a-" Sa lbe tlrat part ot tbe prcrcr•. 'fbe purpo .. ot tbla 

part ot tbe pro~ ..... to detel'lllne tbe aprl• rate aad sprhc 

preloa4 requlre4 tor KOTII'Decl rotor apee4. 

J'~ 6 contalu ploU of tbnlat, rotor a peed., co ollie 

aacle. aD4 lllade pitch uch ••rna a1rapee4 tor tbr" apr lac 

coufJ.cvaUaaa wltb blades )4 aDd ,. 'rhe aprlac rates aD4 tbe 

cornspondtD« prelOftcla aaecl were •• follows: 

1250 pou.ad• per laach - 1260 pouDda 
1220 poulllla per Inch - 1100 poaDda 
1100 pouada per lucb - 550 poaD4a 

'l'he c•blaaUoa of 1100 powsda per 1nch sprlQ4: rate w1 Us 

SSO pouda preloacl waa the Olll.l' OM whlcb pn gonr•4 o,-raUoD 

wttb tb••• ~lade• wHhout e.xceecllac tbe eatabl1ahed U11lt UN. 

!be effect of chue• lD preload upon thrust, rotor apeocl, 

coa1Qg aacle, aDd blade pitch &Q«l• aa a fuactlon of &lrapaod is 

sbDwn 1D l'l&UN 7. tor blades Sl aDd sa. 
!be oftocUTIDell of strl• apollera •• a ..... ot r;u·nrnlQI 

the rotor ~ad la lbOifD h J'lcure 8. Jlad .. )A. ald. Ji were 

operated wltb a aprlac gOYernor cout~«uratloa which 414 not proTide 

goTaralQc at alrapeecla below 8S f.p.a. (1220 pouDCta per lDch ~rlac 

rata with UOO pcnllllla preload) u4 atrlag •pollen "•" acl4e4 \o t• 
loacUQ& edcw• of tbo b lad.••. !be zoo ~or apeecl wu UaU e4 a a Clhowa 

ill the plo\ of rotor apaacl nrau1 alrap .. cl la l'lgure 8, howa..r tbe 

\hruat danloped vaa -.ch 1• .. thaD ~h!lt. clo.-lopad b7 a aprlJII

&oYorl*l rotocbut• (ltpr• 6). 
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- •• ----- ~~ :.'_·t_-:_•_~_t" __ •.~ t,. : :. Jr.~ . : "; '~ · ·----

c. Oaqr:a;t;; ¢ tJa nrimt• Chprilwiat Cgt• Y' reerey - ...... .- .. 

ihowa the eff.Jch ot t!l~•• :sutar o! craYUT loC!IIt1oa.s upoa. t~\, 

ro.Jtor sroeed, coulQt: :u:cle, llnd bl:ii~ pitch a~~· :u ::. !..ncUou ot a1r-

s;;ee.i.. 

2. Strtl:z Pay 

Stress dat~ were ob\a!ued tor tvo tT}eS at blade1: 

tailed. 

b. ~2224~11 blades 

!lDd )B. The•• data were !\Ceuftlaud !rOll both n:u4 pitch opuatlon 

and. lp:"lnt; go'l'lrnor operation vlt.h nrloul 'bl&cle jlltch ancles, 

coulDS aucl••· alrepeade aDd ,aw ·~··· Tbe oalr paramater ahow!Qs 

a dlreo\ relatloaabip to blade 1\rese waa rotor ,,.eel, 

!be ban41a« etz·••••• tor blaclee )l aDd :Jt are lhowa In Jicur• 1), 

I -
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Bln-t .. Y1'l>r'ltOI7 fttrl'l - :~rt v,.re .,,.,.,nr .. cl 1·.~rlnr, .)'"\W<td ";t.tt'lllle 

o-.~t!on vtt~ T"" 'lnrl'!'t of 5° 1!:"14 1(1°, '!'~e!le ::~nasur•enh ~~eel 

cr••>tt nnot;ch to allnw su:"';"! clent Yarint.lon 1D ~., cnalng n nc-:::.e to 
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DC..:? H"t~»ct:11tt 

THE KAMAN AtRCAAF"T COJJPORA TfON 

RISCVSSlCW 01 iiStl.l'S 

J.., O;araUtW P." 

··~· 
•r.••· ... 

tprhac wUb a 1prl~ ra\t or 1100 i)O~S per !z:.:h a.r:ui a prelaad ot 

SSO poUDja. Operatloll with t.bh eont'1"-'lr'lt10il 1a llli*ll 1a IS«urt 6. 

attack ost tbe blal!t Up ••r•u• a1rtpetd h &inn 1D lt~u• 1... lroe 

tblt ~lot tt can be tttD tbQt toe cbarMctertattc break ln the rotar 

tpot4 curn occur• at an ~le of auack or l!t to 18 cl8£f'HI. '!h11 

roll ua.-.1, '!be retort it followl that the bladtl art opern U 11C tn the 

1talled re«toa of their cbaracterlttlcl duri~ the rel '••~ 

con•tant rotor wpttd portion or the rotor ~ted ••~•U' a!rtreed 

cur•• tor 1prtac co•ernor operftt1oa. 

A. a thowa ln It gore 7, t be lenl o! tt e rotor •peed cune 

go•eraor tpr1ns. AebCt, the .azt.aa rotor •· •~4 and re•ultac\ 

The addition oC atrlnc tpollers to tne ltadt~; •4t•• of the 

blndea rtaulted 1A to"ruecl optraUca, u abovn la J'~ure S. !bia 

alRo lndlca\e! ~t the bl~es ~e stalled o•er tbt flat ?Ortloa ot 

u 1aettie1eat •elbocl ot co•'1rn1ac u ntdneecl br the •uc!t lover 

thrust •bon ln rtpre B COIIJI&Hd to tba t • ~own 1• Flcure 6. 

!he ettect ot \be location ot the chor4wlae center o! cra•l\T 

upoa ro•~r~or ope~tton 1• ahova la 11~• 
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